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SOLVENT PROCESSING 
OF 
LUBRICATING OILS 


ROCESSES employing selective  sol- 
to for the refining and dewaxing 
of lubricating oils have become a weil 
established and important phase of the 
petroleum refining industry. These proc- 
esses, on which ‘Texaco research and 
development work has been outstanding, 
represent tremendous advances over 
earlier lubricating oil refining methods 
in that they permit the production of 
higher quality oils from a wider variety 
of starting materials at a lower cost. 

In the solvent refining of lubricating 
oils, fractions carefully prepared by dis- 
tillation procedures from selected crude 
oils, are intimately contacted with a selec- 
tive solvent. The solvent and operating 
conditions employed are such that the 
undesirable constituents of the petroleum 
fraction are removed from the oil and 
may be withdrawn from the system as 
a separate stream. The refined oil is then 
subjected to dewaxing and other finish- 
ing processes. The solvent used is con- 


tinuously recovered by distillation from 
the products leaving the extraction system 
and is returned to the latter for re-use. 


In solvent dewaxing, a mixture of the 
dewaxing solvent and lubricating cil is 
cooled to a suitably low temperature as 
required for the crystallization of the wax 
as solid phase. 
removed by filtration and the dewaxed 
oil is recovered by distilling off the sol- 
vent which is returned to the system for 


‘se crystals are then 


further use. 

For the refining step solvents such as 
sulphur dioxide, furfural, phenol, nitro- 
benzene and Chlorex (B, B' dichloro 
diethyl ether) may be used. Propane and 
various ketones, such as methyl ethyl 
ketone, mixed with aromatic hydrocar- 
bons, such as benzene and toluene, have 
been employed. Furfural refining and 
ketone-aromatic solvent dewaxing have 
been extensively developed by Texaco sci- 
entists and engineers and are now widely 
employed in the industry under licenses 
from Texaco Development Corporation. 


THE 








TEXAS COMPANY 


LUBRICATION 








A T EC HNICAL PU BL TC ATI ION DEVOTED TO THE SELI ECTION AND USE OF LUBRICANTS 





Published by 
The Texas Company, 135 East 42nd Street, New York 17, N. Y. 


Copyright 1946 by The Texas Company 





Vol. XXXII 


Change O} ¢ tddre ay 
‘LUBRICATION’ 


“The contents of 


December, 1946 


No. 12 





In reporting change of address kindly give both old and new addresses. 
are copyrighted and cannot be 


reprinted by other publications without written 


approval and then only provided the article is quoted conta and credit given to THE TEXAS COMPANY.” 











Solvent Refining and Dewaxing of 


Lubricating Oil 


HE CRUDE OIL as obtained from the well con- 

tains lubricating oil which has to be separated 

and purified prior to its use. Crude oil dis- 
tillation is the first step and results in a segregation 
of the raw lubricating oil fractions. These raw 
fractions may be solvent refined to free them of low 
quality componénts which are potential sludge and 
carbon formers and which also have poor viscosity- 
temperature characteristics. If the solvent refined 
fraction still contains wax it may be removed in 
the solvent dewaxing process to provide a wax 
free oil which will remain fluid at low operating 
temperatures, 


PREPARATION OF RAW LUBRICAT- 
ING FRACTIONS 


The selected crude oil as received at the refinery 
is subjected to a fractional distillation operation 
wherein the crude oil is split into the various de- 
sired portions according to the boiling temperature 
of the portion. The lowest boiling portion, and the 
first to be distilled, is the gasoline fraction while 
the other products in their respective order of 
removal are kerosine, diesel fuel, gas oil and the 
lubricating oil fractions. The light fractions such 
as the gasoline and kerosine are removed in an at- 
mospheric distillation stage but the lubricating oil 
fractions are obtained by distillation under vacuum 
which permits vaporization to take place at tem- 
peratures sufficiently low that decomposition by 
cracking does not occur. 


The distillation operation requires accurate and 
skillful contro! to assure that the proper grade of 
raw lubricating oil fractions are obtained. The oper- 
ation of the vacuum still is maintained to provide 
fractions conforming to a limited range of varia- 
tion for such tests as gravity, flash, fire, viscosity 
and others in order that after solvent refining and 
solvent dewaxing, the finished oils will conform to 
rigid specification values for the above-named tests 
as well as such other quality tests as viscosity 
index, pour test, carbon residue, neutralization 
number, demulsibility and numerous others which 
are criteria for the service of the lubricant in its 
intended final application and usage. 


The lubricating oil fractions as obtained from 
the crude oil distillation unit are not suitable as 
quality lubricants and they contain poor quality 
components which vary widely in viscosity with 
changes in temperature as well as causing sludge 
and carbon formation when used at fairly high 
operating temperatures. The fractions also may con- 
tain wax which causes solidification to occur at 
temperatures as high as 100°F. It is therefore ob- 
vious that these undesirable components of the raw 
lubricating oil fractions must be removed in order 
to produce a finished oil which will function as a 
lubricant in an entirely satisfactory manner. 


SOLVENT REFINING 


Several processes employing various solvents 
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Figure 1—General view of a Furfural Refining Unit 





solvent dehydrating system 


have been used for the purification by solvent refin- 
ing of the raw lubricating oil fractions from the 
crude distillation unit. One of the most widely used 
of these processes is the Furfural Refining Process. 
In this process, furfural is used as the selective 
solvent to remove the undesirable components con- 
tained in the raw lubricating oil fraction. 


Furfural is a chemical compound which is ob- 
tained commercially by digesting agricultural wastes 
such as oat hulls, straw, corn cobs, rice hulls, etc., 
with dilute sulfuric acid. The crude product from 
this digesting operation is purified by means of 
distillation. The purified product is essentially 100 
per cent furfural which has the following physical 
properties: 
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DOME Pom ..........,5. vi 523° # 
Freezing point ...... ; 34°F. 
Specific gravity at 68°F... .. 1.1622 
Viscosity at 100°F., Saybolt Univ. sec. 28.7 
Specific heat (68-212°F.)  .... 0.416 
Heat of vaporization, B.T.U. per lb. 193.5 
Vapor pressure at 100°F., m.m. Hg. 10 
Flash point (Tag. closed cup)...... 138°] 
Solubility in water .............. 5.8% 


OPERATION OF FURFURAL 
REFINING PROCESS 
Furfural possesses the property of selective sol- 
vent action which results in solution of the undesir- 
able constituents of the raw lubricating oil fraction 
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in the furfural solvent while the high quality oil 
components remain undissolved. There are two 
liquid phases formed when the raw lubricating oil 
and furfural are mixed and because of the high 
specific gravity of furfural as compared with oil, 
a separation of the phases is readily effected. 

The lighter phase is called the rattnate solution 
and consists of approximately 90 per cent refined 
oil and 10 per cent furfural while the heavier phase 
consists of approximately 90 per cent furfural and 
10 per cent undesirable oil components. This 
heavier phase is known as the extract solution. The 
temperature of the refining operation is controlled 
to remove the low quality components of the raw 
lubricating oil and the yield of refined oil varies 
with crude source. Some raw lubricating oil frac- 
tions contain a greater percentage of low quality 
constituents than others and higher extraction tem- 
peratures are necessary to remove the larger quanti- 
ties of such undesirable components. 

The solvent refining operation is illustrated ia 
the Flow Diagram shown as Fig. 2. In commercial 
practice, the solvent refining or extraction opera- 
tion is usually carried out in a packed tower. 
Raschig ring packing is used to provide a large 
amount of surface in order to attain the desired 
extraction of the low quality components from 
the raw lubricating oil fraction by the furfural. 

Heated furfural from the solvent recovery unit 
is pumped to the top of the extraction tower and 
the raw lubricating oil fraction, heated to a tem- 
perature above the pour test, is pumped into the 
extraction tower at an intermediate point. The 
furfural flows downward in the tower and the oil 
flows upward. Commingling of the solvent and oil 
takes place due to the presence of the Raschig ring 
packing material. 

The top of the tower is maintained at a higher 
temperature than the bottom so that as the oil flows 
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upward it is subjected to increasingly more severe 
extraction conditions. The refined oil or rattinate 
solution flows from the top of the tower and the 
extract solution flows from the bottom of the tower 
These streams are charged to separate stripping 
towers where the furfural is removed by distillation 
and is returned to the extraction tower. 

The solvent refining operation results in a puri- 
fication of the oil product which is termed the rat- 
finate. The impurities are contained in the extracted 
portion, This latter portion comprises those oil 
components which are readily oxidizable under 
conditions of fina! use of the finished lubricating 
oil. The relative tendency towards carbonization 
at high temperatures is measured by the Carbon 
Residue test value. Table I, below illustrates the 
reduction in carbon residue resulting from the 
furfural refining of various crude oil fractions. The 
solvent refined oil therefore is freed of the readily 
oxidizable and sludge forming components with 
the result that the refined oil may be used under 
severe operating conditions and will provide su 
perior lubrication with a higher degree of cleanli- 
ness in the lubrication system. The solvent refining 
process also provides a product oil which is more 
susceptible to further improvement by the addition 
of oxidation inhibitors and other additives which 
permit satisfactory lubrication under extremely 
severe or special operating conditions. 

The extract portion of the raw lubricating oil 
fraction also has a low viscosity index. The viscosity 
index* is an inverse expression of the relative rate 
of change in viscosity with change in temperature. 
Thus the extracted material becomes extremely 
viscous when it is cooled to temperatures of the 
order common in the winter season. The extract also 
contains those compounds removed from the raw 
lubricating oil fraction which would oxidize and 
carbonize readily at temperatures in the order of 
“Viscosity Index"’ LUBRICATION. 
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TABLE I 


FURFURAL REFINING OF FRACTIONS 


Medium Distillate 
Dewaxed Dewaxed 
Charge Raffinate Extract 





Gravity, 29.5 


API 22.6 Te | 

Saybolt Universal 
Viscosity 

at 100°F. 480.5 249.3 

at 210°F. 53.5 49.3 88.1 
Viscosity Index 52.3 96.9 
NPA Color 8 3, 
Carbon Residue 0.28 0.02 


Dewaxed Dewaxed 


FROM MID-CONTINENT CRUDE 
Heavy Distillate Deas phalted Short Residuum 
Dewared Dewaxed 


Charge Raffinate Extract Charge Raffinate Extract 
20.9 28.9 12.0 19.7 26.3 14.2 
1614 567.9 9358 2929 
89.7 64.5 186.7 254 LGL.S. 387 
43.5 96.3 63.4 92.8 
sg $4. 
1.05 0.02 2.4 0.44 
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cation after the engine has 
attained the operating tem- 
perature. 


SOLVENT 
DEWAXING 

In many instances where 
paraffinic type crudes are in- 
volved, the resulting sol- 
vent refined oils contain 
sufficient wax to make them 
unsuitable for use over the 
range of temperature en- 
countered in the intended 
service. When the wax con- 
tained in the undewaxed re 
fined oil crystallizes upon 
cooling the oil, the crystals 
form a network or matrix 
which holds the oil and the 
mass becomes solid or semi- 
solid. Under this condition 
the oil will not flow or be 
by gravitational 
forces. Although it may be 
forced to flow by applica- 
tion of very high pressure. 
the waxy oil will not spread 
over a metal surface to be 
lubricated. Furthermore, 


moved 





800) the semi-solid character of 
DEWAXED the waxy oil at winter tem- 
REFINED perature would necessitate 

OIL the development of an ex- 

400: tremely high torque for the 

Bis ae starting of an automotive 
engine for instance. Aside 
aes ee I Ri on RE cs from the fact that the wax 

o | 100 120 140 160 180 300 — solidifies in oil at tempera- 

TEMPE RATUREW °F tures below 100°F., it also 
Fieu Fike scdwenk eataied oll ls gated One Gatch a ed in ee ea has the disadvantage of hav- 


hange in viscosity with 
those existent for instance in an internal combus 
tion engine. 

The effect of furfural refining upon the viscosity 
temperature relationship is illustrated graphically 
by Figure 3. It will be seen that furfural refin- 
ing has resulted in a refined oil whose viscosity 
does not vary greatly as the temperature changes. 
This is of importance since the oil does not become 
as thin or non-viscous at high operating tempera- 
tures and also does not thicken or become as ex- 
cessively viscous at low operating temperatures. As 
an illustration of this, 2 motor oil that has been 
properly solvent refined will permit easy starting 
of the automotive engine at low winter tempera- 
tures and will also continue to provide proper lubri- 


change in temperat 


ing a low viscosity at the 

high operating tempera- 
tures and does not provide good lubrication. For 
these reasons wax must be removed to provide a fin- 
ished lubricating oil of good quality which will flow 
freely at low temperatures. 

Of the various processes which have been em- 
ployed for this purpose such as cold settling, cold 
pressing (filtration without diluent), centrifuging 
of naphtha diluted and chilled oil, and filtration 
after dilution with a selective solvent and chilling, 
the latter has been found most satisfactory and is 
now enjoying widespread use in the petroleum 
industry. 

The solvent most generally used in the Solvent 
Dewaxing Process is a mixture of methyl ethyl 
ketone and benzol. The ratio of the ketone to 








Figure 4—View of ammonia compressors in a refrigeration plant 
for a solvent dewaxing unit. 


benzol is adjusted to prevent any 
liquid oil when the solution is chilled to the tilter- 
ing temperature. With the use of the proper solvent 
and when suitable chilling rates are employed, the 
wax 1S separated in crystals with a minimum oc- 
clusion of oil and in form which permits their being 
separated from the oil-solvent mixture by filtration 
at high rates of filter thruput. 


The flow for solvent dewaxing 1s 
Figure 7. In a typical operation, the waxy refined 
oil is mixed with the solvent in the correct propor- 
tion at a temperature of about 120 F., at which 
temperature the oil and wax are dissolved in the 
solvent. 
heat exchangers where some refrigeration 1s recov- 
ered from the cold filtrate solution from the rotary 
vacuum filter. The solution is further chilled by 
direct expansion of ammonia in double- pipe chillers 
which are equipped with scrapers to prevent the 
accumulation of solid wax on the inner surface of 
the center pipes. 


separation of 


shown in 


The chilled solution containing the solidified 





Figure 5—View of pump room in a solvent dewaxing plant. The 
pump in front is handling filtrate solution from 
the filters to exchangers. 
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The solution passes through double-pipe 


December, 19-46 
wax flows from the double pipe chiller to the rotary 
vacuum filter. The drum of the filter rotates and 
the level of the solvent-oil-wax mixture is such that 
about one-half of the drum is submerged. Filtra 
tion occurs on the portion of the drum which i 
submerged and as this portion approaches the to} 
in its rotation, a wash ts app ‘lied on the wax cake 
by spraying with chilled solvent. In the further 
rotation, the cake is dried by the inert gas (con 
tains substantially no oxygen) pulled through th 
wax cake by the vacuum existing inside the drum 
sheer ii this, a slight positive gas pressure | 
ipplied as the wax cake approaches the scraper 
blade which causes the wax to fall into a screw 
conveyor which discharges the slack wax from th 
filter to the slack wax surge tank. From this tank 
tower wher 


the wax is pumped to the wax flash 





the major part of the solvent is removed by distil 
lation. Removal of the final traces of, solvent 
accomplished by steam stripping in the wax stripp 
tower. The stripped wax 1s cooled and pumped t 
storage 


The dewaxed filtrate flows from the vacuu: 
filter into the filtrate surge tank from which it 
pumped through the double-pipe heat exchange: 
where refrigeration is recovered, and then throu 
low pressure and high pressure vapor heat « 
changers. Sufficient heat is absorbed by the filtra 
solution in the exchange equipment to causé 
considerable quantity of the solvent to be v: aporiz 
in the low pressure section of the dewaxed oil fla 
tower. The bottoms from the low pressure secti 
of the flash tower are pumped through a heater 
the high pressure section. The heat from the vap. 
of this section is used, by means of the exchan 
equipment, to cause vaporization of solvent in t 
low pressure section. The bottoms from the hi 
pressure section are freed of the final traces 
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solvent by open steam stripping in the dewaxed 
oil stripper. The steam stripped dewaxed oil is then 
pumped through a cooler to oil storage. 

The wax contained in the refined oil varies wide- 
ly with the character and viscosity grade of the oil 
fraction as illustrated by the photomicrographs of 
Figure 8. The light or low viscosity distillate frac- 
tions contain wax which crystallizes in large plate 
or needle shapes and with increasing viscosity 
grades the wax crystals become smaller. The refined 
residual stocks contain microcrystalline wax, the 
crystals of which are very small. The solvent de- 
waxing process is sufficiently flexible to allow good 
Operation despite the variation in the size and 
character of the wax crystals. 


The wax removed from the light distillate re- 
fined oil is markedly crystalline in character and, 
when a slab is subjected to bending to the breaking 
point, shows crystalline appearance on the broken 
edges. The wax or petrolatum removed from the 
refined residual stock when distorted by bending 
shows a certain degree of plasticity and will there- 
fore bend to a considerable extent before breaking. 


SUMMARY 


1. The solvent refining process produces a re- 
fined oil which has been freed of components sus- 
ceptible to oxidation, sludge formation and carbon 
deposition. 

2. The solvent refined oil is very amenable to 
further improvement by the use of oxidation in- 
hibitors and other additives. 


3. Solvent refining improves viscosity index and 
therefore the oil does not become as extremely vis- 
cous at low temperatures and also does not become 
as thin at the higher operating temperatures. 


4, The wax contained in lubricating oil fractions 
must be removed to provide a finished oil which 
will flow readily at low temperatures. 

5. The solvent dewaxing process provides a 
dewaxed oil which will remain fluid at the low 
temperatures. 


6. The solvent dewaxing process is flexible in 
operation and is applicable to a wide variety of 
lubricating oil stocks. 








Figure 8—Phoromicrographs of wax crystals show that the sizes of 


crystals vary greatly for various lubricating oil tracuons. 


A—Photomicrograph of wax crystals from light lubricating distillat 
in methyl ethyl ketone-benzol solution. Magnification 75% 


B—Photomicrograph of wax crystals from heavy lubricating oil 
distillate in methyl ethyl. 


C—Ketone-benzol solution. Magnification 75X. Photomicrograph 
of wax crystals from residual lubricating oil in methyl ethyl ketone 
benzol solution, Magnification 75X. 
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P Makes Petroleum 
Me a Products Better 
OU might call the “midnight 
oil’’ that burns regularly in 
Texaco research laboratories a cata- 
lyst... a catalyst transmuting ideas 
and ideals by hard, never-endiny 


work and the special skills of 
hundreds of distinguished research 
“def ‘Ts, scientists ... into new and ever- 
better petroleum products. 
It was through this ‘round-the- 
: clock research, for example, that 
Texaco discovered and developed, 
among others, its famous processes 
2 of Furfural Refining and Soivent 
Dewaxing, now used by leading oil 
companies the world over for the 
production of their finest quality 
lubricating oils. 
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